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SPECIFICATION 

1 . Title of the Invention 

PLASTIC MOLDED PRODUCT SORTING METHOD 

2 . Claim 

A plastic molded product sorting metbod characterized by striking 
plastic molded products by a striking apparatus, detecting vibrations 
generated at that time, converting the vibrations into electrical 
signals, comparing the electrical signals with a preset reference 
signal, to sort the plastic molded products to material qualities. 

3. Detailed Description of the Invention 

The present invention relates to a method for sorting plastic 
molded products to material qualities, more particularly to a method 
for sorting plastic molded products to material qualities in the 
original form without breaking the plastic molded products. 

The numbers of pallets or containers made of plastic currently 
used for distribution systems reach several billions. Because these 
pallets and containers are products exposed to the weather, they are 
deteriorated by ultraviolet light for approx. 10 years, strengths of 



them are lowered , or they are faded , and thereby their conunercial values 
are lowered and at least one million of them in a year are waste. 

Therefore, waste plastics of these pallets and containers are 
recycled in order to prevent environmental pollution and effectively 
use petroleum resources . 

Waste plastics of these pallets and containers may differ in 
material even for the same shape. For example, containers for beer 
include those formed of polyethylene resin and polypropylene resin 
even if they have the same shape. 

When re-molding such waste plastics different in material, the 
quality of re-molded products may be lowered. Therefore, when 
performing re-molding, it is necessary to sort waste plastics by 
material qualities as pre- treatment . 

Conventionally, to sort waste plastics by material qualities, 
there are a fluid-type wind-force sorting method, wet-type 
specific-gravity sorting method, static-electricity sorting method, 
and low- temperature shattering sorting method. The fluid- type 
wind-force sorting method is a method for separating plastics to upper 
and lower portions of a tilted screen in accordance with the difference 
between specific gravities under a fluid state by blowing air from 
the lower portion of the screen. In this case, it is necessary to 
previously uniform grain diameters and shapes of plastics . Moreover, 
the wet -type specif ic- gravity sorting method is a method for separating 
floating plastic and sinking plastic by using water or specific gravity 
solution. In this case, it is necessary to dry the plastics by washing 
out the solution after separation. Furthermore, the 
static-electricity sorting method is a method for sorting plastics 
by using the point that the generation quantity of static electricity 
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depends on the material quality of plastic. In this case, it is 
necessary to previously uniform the grain diameters and shapes of 
plastics and dry the plastics- Furthermore, the low- temperature 
shattering sorting method is a method for refrigerating plastics up 
to approx. -20°C and shattering it and sorting shattered pieces by 
a sieving apparatus , which uses that the size of shattered piece depends 
on the difference between brittle temperatures of plastics. In this 
case, it is necessary to previously refrigerate plastics. 

However, though the above sorting methods purpose various types 
of waste plastics , when applying the methods to waste plastics of pallets 
and containers , the following trouble occurs . That is , it is necessary 
to shatter waste plastics to a proper size each time , thereby the process 
becomes complex, and the sorting cost increases. Moreover, because 
of sorting mixed shattered pieces, the sorting accuracy is limited. 
Furthermore, the material quality of plastics depends on a sorting 
method, it is necessary to combine various sorting methods depending 
on a material quality , and thereby a lot of time is required for sorting . 

The present invention is made in view of the above situation and 
its object is to provide a sorting method capable of simply sorting 
waste products of a plastic molded product in the form of the original 
form without shattering them. That is, the present invention is 
characterized by striking a plastic molded product by a striking 
apparatus, detecting vibrations generate at that time, converting the 
vibrations into electrical signals, comparing the electrical signals 
with a preset reference signal and thereby, sorting a plastic molded 
product to material qualities . 

An embodiment of the present invention is described below by 
referring to the accompanying drawings . 
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In the case of the present invention, the hammer 2 of a striking 
apparatus 1 strikes the surface of a plastic molded product 3 such 
as a pallet or container. 

In this case, the plastic molded product 3 is supported by a 
cushioning material so that it does not resonate when it is stricken 
by the hcunmer 2 . Moreover, as shown in Figure 5 , the striking apparatus 
1 is constituted by using a widely-known piano action. The striking 
apparatus 1 uses a solenoid 4 instead of a clavier. When electrifying 
the solenoid 4 , one end of a wippen 5 is raised and the wippen 5 rotates 
counterclockwise. By following the rotation of the wippen 5 , a hcunmer 
bat 7 is raised by a jack 6 and a hammer 2 set to the hammer bat 7 
through a hammer shank strikes the surface of the plastic molded product 
3 . After the hammer 2 strikes the surface of the plastic molded product 
3, the hammer 2 immediately returns to the original position by the 
resilience of a hammer spring 9 set to the hammer bat 7 . In Figure 
5, reference numerals 10, 11, and 12 denote fixed rails. 

Therefore, it is possible to strike the surface of the plastic 
molded product 3 always with a constant force. Moreover, after the 
hammer 2 strikes the surface of the plastic molded product 3, it 
immediately returns to the original position but it does not 
continuously strike (chatter) the surf ace of the plastic molded product 
3 a plurality of times . 

The vibration generated when stricken by the hammer 2 depends 
on the hardness of the plastic molded product 3 . That is , the vibration 
depends on the material quality of the plastic molded product 3. 
Moreover, the vibration is detected by a piezoelectric acceleration 
detector 14 set to the plastic molded product 3 and converted into 
an electrical signal. 
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In this case, the piezoelectric acceleration detector 14 is 
constituted by using quartz, Rochelle salt, barium titanate, or lead 
zircon titanate and set to a position separate from the striking position 
of the hammer 2 by a constant interval (normally, approx. 10 cm). 

A striking signal (refer to a in Figure 2) converted into an 
electrical signal by the piezoelectric acceleration detector 14 (refer 
to a in Figure 2) is amplified by an amplifier 15 (refer to b in Figure 
2 ) , noise components ( signals other than signals generated by striking ) 
of the electrical signal are removed by a wave filter 16, the passing 
frequency band of the wave filter 16 is minutely divided by a wave 
filter 17, a characteristic specific frequency band (refer to c in 
Figure 2) is selected by the plastic molded product 3 and converted 
into an envelop by an envelop converter 18 (refer to d in Figure 2), 
and a peak value V and wave width T are obtained. 

A striking signal converted into an envelop is sent to comparators 
19, 20, and 21. A high-level set value Vi set by a peak-value adjuster 
24 is input to the comparator 19 as a comparison signal. When the 
peak value V of the striking signal is higher than the high-level set 
value Vi, a material -quality determination signal Ai is output from 
the comparator 19. Moreover, a low-level set value Va set lower than 
the high-level set value Vi is input to the comparator 20 as a comparison 
signal by a peak value adjuster 25 . When the peak value V of the striking 
signal is lower than the low-level set value V2, a material -quality 
determination signal Bx is output from the comparator 20. Moreover, 
a low low- level set value V3 lower than the low- level set value V2 
is input to the comparator 21 as a comparison signal by a peak value 
adjuster 26 . When the peak value V of the striking signal is higher 
than the low low-level set value V2, a signal C is output from the 
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comparator 21 and input to the comparators 22 and 23 ♦ Wlien the signal 
C is input to the comparator 2 2 within a set time Ti set by a time 
adjuster 27, a material-quality determination signal A2 is output. 
Moreover, when the signal C is input to the comparator 23 on and after 
a set time T2 set longer than the set time Ti by a time adjuster 28, 
a material -quality determination signal B2 is outputs When the peak 
value V of the striking signal is present in an intermediate band between 
the high-level set value Vi and the low-level set value V2, an object 
is treated as an object other than material quality determined by the 
comparators 19 and 20 or as a specially difficult object. Moreover, 
also when the time in which the peak value V of the striking signal 
is lowered up to the low low- level set value V3 is present in an 
intermediate band between the set times Ti and T2, an object is treated 
as an object other than the material quality determined by the 
comparators 22 and 23 or a specially difficult object. 

In this case, when plastic molded products to be sorted are formed 
of polypropylene resin and polyethylene resin, set values Vi, V2, V3, 
Ti, and T2 are set in accordance with vibration characteristics (peak 
value and wave width) of these resins. 

Moreover, when the envelop of the striking signal of the plastic 
molded product 3 is the curve a shown in Figure 3, the material-quality 
determination signal Ai is output from the comparator 19 and a 
material -quality detearmination signal A2 is output from the comparator 
22 and the material quality of the plastic molded product 3 is determined 
in accordance with these signals Ax and A2. Furthermore, the envelop 
is the curve b shown in Figure 3, the material-quality determination 
signal Bi is output from the comparator 20 and the material -quality 
determination signal B2 is output from the comparator 23 and the material 
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quality of the plastic molded product 3 is deteirmined in accordance 
with these signals Bi and B2. Furthermore, when the envelop is the 
curve a shown in Figure 4, the material-quality determination signal 
Ai is output from the comparator 19 and the material-quality 
determination signal B2 is output from the comparator 23, and the 
material quality of the plastic molded product 3 is determined in 
accordance with these signals Ai and B2 . Furthermore , when the envelop 
is the curve d shown in Figure 4, the material -quality determination 
signal Bi is output from the comparator 20 and the material -quality 
determination signal A2 is output from the comparator 22 and the material 
quality of the plastic molded product 3 is determined in accordance 
with these signals Bi and A2. 

As described above, when determining a material quality from a 
combination of two material-quality determination signals, a 
determination accuracy is high and four types of material qualities 
can be determined. However, when determining two types of material 
qualities, it is possible to determine the two types of material 
qualities in accordance with the signals Ai and Bi. In this case, it 
is enough to use only the comparators 19 and 20. 

Then, a specific example of the present invention is described. 

A container for beer made of polypropylene resin and a container 
for beer made of polyethylene resin are stricken by a 30-g brass hammer 
set to a piano action and vibrations generated in this case are detected 
by a piezoelectric acceleration detector set to the surface position 
of a container 10 cm separate from the striking point of the hammer 
to convert the vibrations into electrical signals and then, the 
electrical signals are amplified by a 76-db amplifier and waveforms 
of the signals are measured by an oscilloscope. Reference signals 
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Vi.= 15.5V, V2=15V, V3=s4V, Ti=6ms, and T2=6.7ms are set in accordance 
with the measurement results. Then, as a result of striking the total 
of 100 containers for beer made of polypropylene resin (products exposed 
to air for 8 years) and containers for beer made of polyethylene resin 
(products exposed to the weather for 10 years) as described above and 
sorting them, it is possible to accurately sort 98 products to material 
qualities. Remaining two products which are difficult to sort are 
a container which is greatly cracked and a container to which much 
coal tar is attached. 

For the above embodiment , a case of using a piano action as the 
striking apparatus 1 is shown. However, the striking apparatus 1 is 
not restricted to the piano action. In short, it is allowed to use 
any apparatus as long as the apparatus can provide a single strike 
for a plastic molded product at a constant force. Moreover, a 
piezoelectric acceleration detector is used to detect vibrations ' 
supplied from the striking apparatus 1. However, a detector is not 
restricted to the piezoelectric acceleration detector. In short, a 
sound/electrical-signal converter (microphone) or any apparatus 
capable of converting the vibration generated at the time of a strike 
into an electrical signal can be used. 

As described above, according to the present invention, it is 
possible to simply sort plastic molded products to material qualities 
in the form of prototypes without shattering them. Therefore, the 
sorting cost is low and sorting can be quickly performed- The present 
invention is particularly effective for sorting waste plastics of 
pallets and containers and extremely contributes to prevention of 
pollution and effective use of petroleum resources . 
4 . Brief Description of the Drawings 
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Figure 1 Is a block diagram of an apparatus for executing the 
present invention ; 

Figures 2(a) to 2(d) are waveform diagrams of striking signals; 

Figures 3 and 4 are illustrations for explaining a method of the 
present invention; and 

Figure 5 is a side view showing a striking apparatus. 
Description of reference numerals 

1. . .Striking apparatus, 2. . .Hammer, 14. . .Piezoelectric acceleration 
detector, 15 .Amplifier , 16, 17... Wave filter, 18... Envelop 
converter, 19, 20, 21, 22, 23 ... Comparator , 24, 25, 26 .. .Peak value 
adjuster, 27, 28... Time adjuster 
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Figure 1 

#1 Reference voltage 

#2 Ai signal 

#3 Bx signal 

#4 C signal 

#5 A2 signal 

#6 B2 signal 
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